The crisis of traditional fuels in the world has become the main reason behind the search on renewable energy resources. Therefore, the researchers become interested with distributed generation (DG) and how to connect them with the main power network to achieve the maximum benefit from these resources. But before connecting these resources with the main grid on the low voltage level, worst case scenario that could occurs must be analyzed first. This paper introduces a procedure to study the effect of the DG units on distribution systems during the short circuit. This effect is measured in terms of fault current and voltage total harmonic distortion. The main objective of this paper is to determine the maximum DG penetration that can be adopted in distribution system without degrading the system performance or change the protection design or coordination. The European technical standard and IEEE-1547 standard are used to compare the results obtained. General purpose Alternative Transients Program (ATP) version of Electromagnetic Transient Program (EMTP) is used to accomplish the above goals. IEEE 13 node test feeder distribution system is used in this work.
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INTRODUCTION
It is commonly accepted that, the traditional large power plants are now challenged by the DG sources. Now the generation is not exclusive to one level. Hence, some of the energy demand is supplied by the main power grid and another part is produced by the DG.
induction machines are more favorable than the synchronous ones. And regards to voltage dips, synchronous machines are preferred because during faults they inject a reactive power to the network. While in [6] , the author proved that the DG has a positive impact on the characteristics of voltage sags (remaining voltage) caused at any voltage level. And in [7] , the authors analyzed the impact of the DG on the location of faults. They proved that, the presence of DG decreased the value of the apparent reactance seen from the main substation. Thus, the estimate locations calculated by using impedance based on fault location methodologies will be closer than the actual location of the fault.
In master thesis [8] , the author analyzed the impact of the DG on fault response. He measured the impact of the DG in terms of fault current and the remaining voltage at the source bus only. He didn't include the effect of the DG on the total harmonic distortion (THD) either in current (THD C ) or voltage (THD V ). He presented the DG as a three phase voltage source with constant penetration level.
This paper introduces a procedure to determine the maximum DG penetration levels that can be adopted in distribution system without violating any standard or change the coordination of the distribution system. Another goal is to estimate the worst fault location that can be occurred in order to be prepared for it. The method will be used to assess the above goal is based on, monitoring the current, voltage, and calculating the THD V either, with the presence of the DG or without it during and after the short circuit condition with various fault locations, and different DG penetration. The results obtained will be compared with the permissible standard. Figure 1 shows the DG classification according to the principles of operation and the interface between the distribution network and the DG.
DG CLASSIFICATION
Figure 1: Classification of DG
This classification is important to determine the short circuit contribution of the DG to a disturbance in the distribution network. It is stated that inverter coupled DG hardly contributes to fault current. Hence, PV systems, fuel cells, direct drive WT and the micro CHP do not have to be considered in fault current calculations and the evaluation of the protective system. The directly coupled DG does contribute to the fault current and cannot be neglected in the fault current calculations and protective system studies [9] . In this paper, a synchronous generator is used to represent the DG source.
CAUSES OF TRANSIENTS IN POWER SYSTEMS
The main causes of excessive voltages and currents in power systems are lightning, switching, short circuits and resonance conditions. The transient phenomena which follows the short circuit condition are small compared with lightning and switching but yet very severe at times and can lead to shutdown of the system. The short circuit transient phenomena are classified according to the speed of transients under low speed transients [8] .
If there is a short circuit in the system, the presence of one or more DG can affect the monitoring of voltages and currents at the substation. The main supply generation will not have to inject as much power to the line because of the DG presence [7] .
POWER QUALITY OF DISTRIBUTION SYSTEMS
Even the best distribution systems are subject to some changes from time-to-time. These changes affect the power quality (PQ) in terms of harmonics, voltage flicker, voltage sag, voltage swell, grounding and interruption; usually characterize the quality of electric power systems. Usually the term PQ refers to maintaining a sinusoidal waveform of bus voltages at rated voltage and frequency with least amount of interruptions [10, 11] .
The large scale deployments of DG S are expected to deteriorate of PQ [4] . Regarding to the PQ indices, this paper is focused on harmonic analysis to show the impact of the DG on distribution systems.
HARMONIC ANALYSIS
The fundamental frequency of the AC electric power distribution system is 50 Hz. A harmonic frequency is defined by any sinusoidal frequency, which is a multiple of the fundamental frequency. Harmonic frequencies can be even or odd multiples of the sinusoidal fundamental frequency [11] .
Harmonic Calculation
In most cases, any periodic distorted power system waveform (voltage, current, flux, etc.) can be represented as a series consisting of a dc term and an infinite sum of sinusoidal terms using Fourier analysis as shown in Eq.(1). While in Eq.(2) the total harmonic distortion (THD) is defined.
Where ω 0 is the fundamental power frequency, F i is the magnitude and θ i is the phase angle for i th term in the series [12] .
The THD has the following properties [13] :
 THD is zero for a perfectly sinusoidal waveform  As the distortion increases, THD becomes very large  A commonly used THD level in distribution system is 5%.  THD of either current or voltage may be calculated.
Effects of Harmonics on Equipment
There are two major categories of harmonics effects on equipment [10, 13] : a) Heating effects in power handling equipment such as conductors, motors, capacitors, and transformers that most often reduced the equipment operating life and caused the skin effect of conductors.
b) Disruption of operation that includes, for the most part, electronically controlled equipment such as incorrect operation of the control process using zero crossing synchronization.
PROPOSED PROCEDURE
The proposed procedure used to determine the maximum penetration of the DG is depending on the value of the fault current and THD V along the voltage spectrum (one cycle before the fault begins up to return the voltage to its steady state after the fault vanished) at all tested buses. Also, it is estimates the worst fault location depending on the following steps:
1. Apply the fault at different locations of the distribution system 2. Monitor the current, voltage profile and compute the THD V during short circuit without the DG connection (base case).
3. Connect the DG at penetration level start from 10% to 30% of total load demand. 7. Evaluate the maximum DG penetration level that the distribution system can adopt without violating the standard such as the European technical standard, IEEE-1547 and IEEE 519 power quality standard.
8. Finally, identify the worst fault location that the distribution systems degrading the PQ limit due to the DG connection.
TEST SYSTEM
IEEE 13 node test feeder is used in this study with the DG. This system has different voltage levels, 115 kV, 4.16 kV, and 480 V, short and relatively highly loaded feeder (4.07 MVA). The original configuration of the feeder has a capacity of 5 MVA. The DG capacity is taken as 0.410 MVA.
Also, the feeder has one substation voltage regulator consisting of three single-phase units connected in wye connection. It has overhead and underground lines with variety of phasing, shunt capacitor banks, in-line transformer and unbalanced spot and distributed loads [14] . Table A 1 in appendix shows the synchronous generator parameters used to represent the DG. Figure 2 shows the fault locations and the DG location on the distribution system. The faults are simulated at bus 645, 633, 692, and 684 to show the impact of the DG on the fault currents at different fault locations.
Figure 2: IEEE 13 node with the DG connection at different fault locations
In this paper, ATP-EMTP software is used as a simulation tool [15, 16] .
SIMULATION RESULTS
The proposed procedure which described on section 5 is applied on the test system. The effect of the DG on the system during short circuits is divided to two main factors namely fault current and voltage harmonic content as shown in the following sections.
Impact of the DG on Fault Current
Apply the fault at every location without connecting the DG (Base Case). Figure 3 shows the fault currents (I F ) versus the fault locations.
It is shown in figure 3 that, the value of I F at the location 633 is higher than the corresponding values at other locations because, it is the nearest location to the source. And the only factor controlling the fault current is the line impedance of the distribution feeder. As the distance from the source to the fault location increases, the fault current decreases.
Figure 3: Fault currents versus fault locations
In order to clarify the impact of the DG on the fault currents, the DG is connecting with penetration levels starts from 0 to 30% by step 10%,And recording the obtained results. Table 1 shows the percentage increase of the fault currents due to DG connection at different penetration levels according to the following equation. It is shown from table 1 that, the increase of I F has the lowest value at the bus 645 as its location is far from the DG location. On the other hand, when the fault occurred at the bus 692, it has the highest increase in fault current as it is separated from the DG location by a switch only. It is the nearest location to the DG location. Figure 4 shows the fault current itself versus the fault location with different DG penetration level.
It is shown in figure 4 that, the DG affects the operation of distribution networks by providing bidirectional flows of fault currents. It is making the fault current at location 692 ''close to the DG location'' at 30 % penetration level, higher than the corresponding value at location 633 which has the highest value without the DG connection. So, Hence the protection coordination may be changed by the presence of DG. It is recommended that 10% DG penetration level is acceptable. Because at 10% DG penetration level, the coordination of the distribution system is the same, and presence of the DG increase the efficiency of the system by increasing the voltage at some customers. Above 10 % penetration level ''20 % penetration'' the I F at 692 become higher than corresponding value at location 645, and DG is start affect the coordination.
Impact of the DG on Voltage Harmonic During Faults
To fully study the effect of the DG source in distribution system during fault on voltage harmonic, a fault started at (0.3 ms) zero crossing point and cleared at (o.34 ms). The faults are represented at four different locations:  At bus 692 on phase B  At bus 684 on phase A  At bus 645 on phase B  At bus 633 on phase A For each case, the faulty phase voltage is divided at each one cycle (one cycle before the fault occurred to return the voltage to its steady state values. The THD V is calculated at each cycle. While changing the DG penetrations are from 10% to 30%.
 Case one:-Fault at bus 692
In this case, the fault is occurred at bus 692 which represents the highest I F variation. The bus 692 is farthest bus from the source bus (2000 ft.). Also, it is the nearest location to the DG. The THD V is calculated at all tested buses such as, bus 740 (DG bus), bus 632 (source bus), bus 675 (near bus to the DG) and bus 634 (low voltage bus). It is shown from figure 5 that, presence of the DG increases the THD V especially with increase the penetration level of the DG. At the beginning of the fault (point 1), the THD V is increased, but it is in the limit. While, at the fault vanished (point 2), the THD V is increased by high percentage affected by changing the DG penetration level. If the DG penetration level has reached 30%, THD V is beyond the permissible limit as shown at point 3.
It is shown from figure 6 that, THD V at the DG location is outside the limit without the DG connection otherwise at the source location. And increasing the penetration level of the DG decreased the THD V at the time of the fault occurred (point 1) due to the DG power injection. At the time of the fault vanished (point 2), THD V increase with penetration level increased.
The main observation from this figure that, presence of the DG with penetration level up to10%, increasing the transient time of the fault as shown at point 4. The THD V has degrading the acceptable limit and required more than one cycle to return to acceptable value. So, increasing the penetration level of the DG has a negative impact on the transient time when, the fault location is near to the DG location. Table 2 shows the response of the THD V at all tested buses along the fault time interval. It is shown from table 2 that, THD V decrease with increase DG penetration at bus 675(near bus to DG location) and bus 740 (DG location) otherwise the bus(632) and bus 634. The decrease in THD V return to DG helps to stabilize the voltage at the sudden change.
 Case 2:-Fault at the bus 684
Repeating the same procedure, but in this case the fault is applied at the bus 684. This case is similar to the previous case when, the fault is at bus 692. Table 3 shows the THD V along the fault transient time at all tested buses. It is shown from table 3 that, this case is less effect than previous case.
 Case 3:-Fault at bus 645
This fault is present the lowest I F variation. It is shown from figure 7 that, at the fault occur the THD V is outside the limit 5% without the DG connection, and decrease with increase the penetration level as seen at point 1. At the moment of the fault clear ( point 2), the THD V reach to 26% but, it has decrease to 2.8% in about one cycle as shown at point 4.
It is shown from figure 8 that, the THD V decreased by 34.86% (16.06% :10.46 %) as seen at the point 1. This decrease return to, the fault is far from the DG location.
After the fault, the THD V increasing with increasing the DG penetration level as displayed at point 3 to reach at 30% penetration to 4.74%. So, it is beyond to degrading the allowable limit.
At the fault clear, the THD V decreasing with increasing the DG penetration level as displayed at point 2 to reach the THD V decrease to 4.26% (30.7 % : 29.39%). At This fault location, the THD V decreased at the moment of fault occur and fault clear otherwise, the THD V increasing with increasing the DG penetration level as displayed at point 4. After that it has return to acceptable limit in about one cycle. Table 4 shows the THD V at all tested buses when the fault is at the bus 645. 
 Case 4 :-Fault at the bus 633
This case is similar to the previous case when the fault at the bus 645. Table 5 summarizes the THD V values at all tested buses. 
CONCLUSIONS
In this paper, the voltage total harmonic distortion is taken as a reference to determine the technical impact of the DG on distribution system during faults. It was a perfect index to determine the maximum penetration level of the DG during the short circuit. The fault is simulated at different location on the distribution system, and the DG located at the far location from the source to improve the voltage of the system. Different DG penetration levels were used from 0 to 30%.
EMTP-ATP simulation tools and IEEE 13 node distribution test feeder were used to achieve the goal of this paper. The fundamental theory associated with harmonics has been used to calculate the voltage total harmonic distortion. Based on the obtained results it can be concluded that:-
• At the moment of the fault occurrence, the THD V at source location is higher than the acceptable limit (5%) in the case of the fault locations near to the source while it has lower value than 5% in the case of the fault location far from the source bus.
• Increased the penetration level of the DG affected the coordination of the electrical distribution system. Above 10% DG penetration level, coordination of the system may change due to bidirectional power flow, and THD V crossed the acceptable limit affected by increasing the penetration level of the DG. The worst case scenario, when the DG was near to the fault location.
• When the fault is far from the DG location, the THD V at the beginning of fault and at the clearing of fault decreased by a percentage from 4.26% to 34.86% which helps to stabilize the voltage at the sudden change.
• When the fault is near to the DG location, the transient time to return the THD V to its allowable limit after clearing the fault was increased by increasing the DG penetration.
